
�� �� ��� �� 	
 �
�� � 	 � � 	� ��� � �� �� � � �
� �� � � 	
 � � � �� � 
 � � 	
� 
� 
� � � � � � � �� � �� � 	� � � � �� � �� � �� � � � !

" #%$ &' () * + # & , & ' - +. ) * + ' +/ +0 0 (1 . 2 ( # 0 -3 - ( *' (.

4 & ' (. 5 &. / (.

67 89: ;< => ? @BAC ;> D ;>

E7 89: ;<FG > ? @BAC ;> D ;> H D EI FJ ;K

L: J M: > NPO Q RBS T T T



�� �� ��� �� 	
 �
�� � 	 � � 	� ��� � �� �� � � �
� �� � � 	
 � � � �� � 
 � � 	
� 
� 
� � � � � � � �� � �� � 	� � � � �� � �� � �� � � � �

�� �� ��� � � � 	 � �
 � �� �
 �

� ��� ��� ��� �� � �� ��� ��� � �� � �  � �� � !� �  � " �� �� � !� � � �# �$ $ ��

�&% ' � "(�� ) !� � � �# �$ $

�&% * �� + ) !� � � �# �$ $ �

, * �� +.- / � �� �� 0 �  $ �# �� �� �

, 0 �  $ �# �� �� � � "� �  � �� - 1 � � ��� � � !� � � �# �$ $ � 2 �� 03 4 � ��

, 5 �  + "� �  � - 1 � � ��� � � !� � � �# �$ $ �



�� �� ��� �� 	
 �
�� � 	 � � 	� ��� � �� �� � � �
� �� � � 	
 � � � �� � 
 � � 	
� 
� 
� � � � � � � �� � �� � 	� � � � �� � �� � �� � � � �

�
 �
 � � �� � � � �� � �� � � � �� �
 	� 
 � � �� � �� 
 �


 ;> A�� M DC : > G ;7 K MJ � �G : <7 ;> C : > G ;7 K � �� �� 0 �  $ �# �� �� � 1 � �

'� � �$ � �� " � � � � � � 1 �$ �� � ��

6 ?C 7 <7 K�: K �� $ � � 1 � / � 1 �$ "(�� � �� � � ��� �� � + � � * �  � �  � �$ � ��� � � � �� �

��� � � � 1 � � � �� � � "� �� � �� � �� � �� � � 1 � �� �� � ��� � �� � �� � � �� �� �� �

� �� �
� ;> 7 : <7  7 ;> C : > G ;7 K 1 � � 1 �$ �� 1 � "(�� � � �� � �� � �� " �� � �� �� � �$ "(� �� �

"$ � 1 �$ � � 4� �� � �# � �� � � �

= ?J ! ;> D ;J " �� � �� �� � � 1 �� �$ $ " � �$ � � "(�� � �� � � 1 �� # � � �� �� � � � � �

# �� � � � �� � "(� � � �# � �  �� � ��



�� �� ��� �� 	
 �
�� � 	 � � 	� ��� � �� �� � � �
� �� � � 	
 � � � �� � 
 � � 	
� 
� 
� � � � � � � �� � �� � 	� � � � �� � �� � �� � � � �

� �
 � � 
 � 	� 
 � � �
 �� 
 � 	 � �

write C
              Write C
                             Write C

write A
write B
write C
Commit

write A
              Write A
                             Write A
write B
              Write B 
                             Write B

               Commit
                             Commit

Commit
write A
write B
write C
Commit

write A
write B
write C
Commit

write A
write B
write C
Commit

Einzelknoten
Transaktion

"Eager" Transaktion auf
drei Knoten

"Lazy" Transaktion
drei Knoten

auf

(3 Einzeltransaktionen)



�� �� ��� �� 	
 �
�� � 	 � � 	� ��� � �� �� � � �
� �� � � 	
 � � � �� � 
 � � 	
� 
� 
� � � � � � � �� � �� � 	� � � � �� � �� � �� � � � �

� � 
 	 � ��� � � 
 	 
 � 
 � �

� � �� � �$ � � �� � 1 �� # � �� 2 �� � �$ � � �� � � �� � � �� �� "$ � 1 �$ � �

* � �# �� "- �$ "(� � �� � 2 � �

� � ��$ � "$ � 1 �$ � * � �# �� � ��� � 2 0 �  $ �# �� �� � �# � � � � �

� � � �� $ � �# "(� � �� � �� � � " � 2 �� �� � �� $ �� � � �� # � 1 � �� � �� 	
 ��� $ � �� � �

�# �$ ��� 1 �� # � ��

�# � �� � / �� "$ ��� # � �� � � �� / � 1 �$ "(�� � �� � � �� �� � � � "(� � ��



�� �� ��� �� 	
 �
�� � 	 � � 	� ��� � �� �� � � �
� �� � � 	
 � � � �� � 
 � � 	
� 
� 
� � � � � � � �� � �� � 	� � � � �� � �� � �� � � � �

�
� 
 � �
� � � 
 	 
 � 
 � � �

6 � ? D <7 89G ;7 K ;J A�� M> � @ �: K ; � �> ? @: D: K7 ?J �

gleichberechtigte GruppeMasterknoten

� M  K: J �  � MC ;> D: J D  �7 : D> : E E �
Aktiv

bestätigt

beendet

abgebrochen



�� �� ��� �� 	
 �
�� � 	 � � 	� ��� � �� �� � � �
� �� � � 	
 � � � �� � 
 � � 	
� 
� 
� � � � � � � �� � �� � 	� � � � �� � �� � �� � � � �

�G K M ;< < ; = ? E E ;> "7 ;< < ; �> ? � MG K ; �

� �  � �� � � � ��  � � 2 �� � � �� � % $ �� + ) 0 �  $ �# �� �� �

�$ � # �$ � � 1 �� 1 � �� �� " �� � �� "(�  � � �� � � �  � �� � !� �  � " �� �� �

� � ��� � ��� � �$ � � ��� 1 �� 	 
 � 1 "$ � ��� �� " �� � "(�$ � �� �� � � �� �� � 2  �$ �

�: " N � 6:  K ;> � ; @ <7 G : K7 ?J �

� ��� � � � �� �� � 1 ��# � � �� / � �� �� # � � � ��

� 1 � � � � "� �� 0 � �� �� � �� �� � * � �# �� � / � �� �� # � � � ��

� �  � �� � � �� � �� 2 / � �� �� # � � � �� � � � � � �� �� "(�$ � �� � �

�� ;7 � � 89 7 89 K ;J � ; @ <7 G : K7 ?J �

� � � � � 0 � � � � �� "� �   �� 	 2 � 1 �$ � �� � � � � �� � � � � � �# � � � ��

� 2 � 1 �$ � �� � � � � � � �� � �� 4� �� � �# � �� � � � � �� $ � # �$ � � �

� 1 � � 2 �� � � �# � � � �� � � � 2 �$ 2 �� * �� +.- / � �� ��  � �  � " ��� �



�� �� ��� �� 	
 �
�� � 	 � � 	� ��� � �� �� � � �
� �� � � 	
 � � � �� � 
 � � 	
� 
� 
� � � � � � � �� � �� � 	� � � � �� � �� � �� � � � �

� 	 �
 	 � 	� � � � �� � � � 
 	 � �

� � �� �� $ � �� �� " * �� + ' � "(��

� �� ' � "(� � � � 2

3 � �   � � 4� �� � �# � �� � �� � �� � 4� �� � �# � �� �

� � 1 ��# � � � "(�� � � � 2 �� � � 1 ��# � � � "(� � � � � 2 ��

/ � �� �� � 4� �� � �# � �� � �� � �� � 4� �� � �# � �� �

� �� � 1 ��# � � � "(�� � � � 2 �� � �� � 1 ��# � � � "(� � � � � 2 ��

� � � �- � � � �� � � �� � �� 4� �� � �# � �� � �� � � �� � 1 ��# � � � "(�� � � � 2 �� �

$ �# �$ � � �� � � �� � �  � �� � � � ' � " �� �  � �� � � � �� � ��

� � � � �# � � � � �



�� �� ��� �� 	
 �
�� � 	 � � 	� ��� � �� �� � � �
� �� � � 	
 � � � �� � 
 � � 	
� 
� 
� � � � � � � �� � �� � 	� � � � �� � �� � �� � � � �

� � � �� �
 	� 
 � � 	 �
 � � � � � �
 � � � � 	 � � � 
 	 
 � 
 � � �


7 > K M ;< < ; =J ? K ;J �

� �� "(�  � � �� � � 0 � � / � � � �� � �� � � �$ $ � �� � � �� � �� � �� � 2  � + � � ��� ��

� 4� �� � �# � �� � � � �� �� � � �� � � �� �� �� �	� �� ���
 � � ��

� ?G : <7 K�: K  > ; D ;<  � � 4� �� � �# � �� � � � �� � � ��  � � �� � � ��


 ;> ;7 J 7 D MJ D  > ; D ;< � � "� �� � �� "$ � ��� � � � �� �� � 1 ��# �


 � � ���
 �� ��

� @: < K MJ D  > ; D ;< 1 � � � � �� �� � : C D ;C > ? 89 ;J � � �� C ; ;J � ;K

* �� ��� �� "� �� � � � 
 � 1 � � � �� �� � �� �� � 1 ��# � � � � � � � �� �� �

��� � �� � " � � � � � �� � " "� � * �� ��� �� " � � � � � ��



�� �� ��� �� 	
 �
� � � 	 � � 	 � ��� � �� �� � � �
� �� � � 	
 � � � �� � 
 � � 	
� 
� 
� � � � � � � �� � �� � 	� � � � �� � �� � �� � � � ! �

� � � �� �
 	� 
 � � 	 �
 � � � � � �
 � � � � 	 � � � 
 	 
 � 
 � � �

� ; @ <7 G : K7 ?J  D> : @ 9 �

� � � �� ��� � 4� �� � �# � �� � 
 � � � � �� �� � � � �� � � �� � � � 
 � � � � �� �� � �$ $ ��

� �� � � �$ $ � � �� � � �� � �� �� ��$ � ��� � ��  � + � � ��� � � �� � � �� ��

� ��� � �  �� �� �� � # �� � � �� � � �� � � � � 0 � "(�$ � � � �$ �� �� �

� � �� � � ��� � 2 � � ��  �� # � �� +# $ � �� � �� 0 �  $ �# �� �� � � "� �  � � �� � 2 2 ��

"$ � 1 �$ ��� � �$ � � ��� 1 ��

� 4 � � � � �� �� +# $ �� � �� � 0 3 4 � �� �

� ;   7 E7  K7  89 ;> �J  : K " 0 3 4 � �� 1 � � �� � � 2 0 � �� � � �� �� �� �

� @ K7 E7  K7  89 ;> �J  : K " 03 4 � �� �� �� 1 � � 2 $ �# �$ � � 5 � 2 2 ��



�� �� ��� �� 	
 �
� � � 	 � � 	 � ��� � �� �� � � �
� �� � � 	
 � � � �� � 
 � � 	
� 
� 
� � � � � � � �� � �� � 	� � � � �� � �� � �� � � � ! !

� 
 � � 	 �
 � � � �
 � � � � 	 � � � 
 	 
 � 
 � � �

� � �� / � �� �� # � � � �� �� � �� � � � 0 �  $ �# �� �� � �# � � � ��  � � � �� �� � 1 ��# �

� � � �# � � "(� � � � �� � �� � � � �� � 2 � +# $ � �� � �� 3 � �  � ��

J 7 89 K  ;> 7 : <7  7 ;> C : > ;  � ;7  @7 ;< �

�  � � 2 � �� � 4� �� � �# � �� � �� 	 
 !! ��� �	� � 
 � 
 �� ��� �� � � � �	� � 
 � 
 �� ��� �	� � � � � � � 


� � �$ ��� � � � �� � �� � �� " 	 
 !! ��� �� � � 
 � 
 �! ��� �� � � 
 � 
 �� ��� �	� � � � � �	� � � 
 �


 �� �� �	� � � 
 � 
 �� ��� �	� ! � � � � � � � 
 � 
 �! ��� �� � � 


T1
K1

T1
T2

T2
T3
T1

a ba

b aK2

K3



�� �� ��� �� 	
 �
� � � 	 � � 	 � ��� � �� �� � � �
� �� � � 	
 � � � �� � 
 � � 	
� 
� 
� � � � � � � �� � �� � 	� � � � �� � �� � �� � � � ! �

� � � � � � � � � � 
� � � � �� 	� 	 �� � � � �

� � � � 2 2 �� � � �$ � �� � �� # � � � � � � � � � � ��� �� � � � � �� � 0 �  $ �# �� �� �

�� � � � 1 � � ��� �

� �  � �� � � � �� � �� �� �$ �� "� � � � � � 2 � � � �� �� "(� "(� 1 �� �� � � � � �

� 5 � � � � �# � � ��� �

� � �  	 �  � �� � � �� � 
 ! �� �� � � 
� � �� �� � 
 �� � 2 �� � � �� � � 	


 !! �� �� � � 
 � 
 �! �� �� � � 
 � 
 �! ��� �� � � 
 � 
 �� ��� �	� � � � � �	� � � 
 �


 �� �� �	� � � 
 � 
 �� ��� �	� � � � � � � � � 


� � � � � � � �$ 	 � � �� � �� � � �� � �  � �� � � "(� � � � � � � � �� � �� � �� � � � �

0 �  $ �# � � 	

a

K1 K2

b a

K3

a b



�� �� ��� �� 	
 �
� � � 	 � � 	 � ��� � �� �� � � �
� �� � � 	
 � � � �� � 
 � � 	
� 
� 
� � � � � � � �� � �� � 	� � � � �� � �� � �� � � � ! �

� � � � � � � � � � � � 	 � �� 	� 	 �� � � � �

�  � �� � �� �� � � �� �� �$ �� "� � � 5 �  + "� �  � �� � �� �# � � �� �� � �� � �� �

� ;J ;> 7 ;> MJ D � ;> � ;7 K  K ; E @ ;< ! ;G K ?> ;J �

� � �� � � �� +# $ �� � �� � � � 5 �  + "� �  � � � � � � � �$ � �� � � �� " � � 1 �� �� � � ��

� "(� "(�� % � �� � �� "(�� � ) � �� � �� '  � �� �� � �� " � � � �� � �

� � 2 �� " �$ � 1 � �� !� � � � � �

� � ! �� ! �� �� � ! �� ! �� � �� � �� �

� � ! �� ! �� � �� � �� �� � ! �� ! �� � �� � �� �

� � 1 �� � � � � � ! �� ! �� � �� � �� �� � � �� ! �� � �� � �� �

� � ! �� ! �� � �� � �� �� � ! �� ! �� � �� � ��� �



�� �� ��� �� 	
 �
� � � 	 � � 	 � ��� � �� �� � � �
� �� � � 	
 � � � �� � 
 � � 	
� 
� 
� � � � � � � �� � �� � 	� � � � �� � �� � �� � � � ! �

� � 	
 � �� � 
 � � � � � � �

� ��� �� �� � � �� �  � ��� �� � � � �� �� � 2  �$ ��# � � � � � 1 �� �$ $ �

�� � � �� "(� � �� � � � �� � � � � � � � 5 �  + "� �  � �� �� � � �� � ��$ 1 ��

� 1 � � 5 � 2 2 �� � �� �� $ �# �$ � � 4� �� � �# � �� � 
 �� � ���� � � �� �� � � �

� ��� ��� ��# � �  � �� � � � � � �� �� � 2  �$ ��# � � � �� 0 �  $ �# �� �� � �# � � � ��

� 
 ��� �� �� � � �� � � � 	� �� � � 1 �� � �� � �$ � � ��� �� " �� � �� �� � �$ " � � ��

� �� "(� � � � � �� 4� �� � �# � �� � �� 1 � �� � � ��

� � �  	 
 !� �� � � �� �� � 2  �$ � ! �� ! �� � � 
 �� �� � ! �� ! �� � �� � �� �

� � � � �� � � �� 2 �� 
 � � � � �� � 
 ! � �� !� � �
 � �� � 
 � � ��



�� �� ��� �� 	
 �
� � � 	 � � 	 � ��� � �� �� � � �
� �� � � 	
 � � � �� � 
 � � 	
� 
� 
� � � � � � � �� � �� � 	� � � � �� � �� � �� � � � ! �

� 
 � � � 
 	 � � � 
 	 
 � 
 � �

� � �  � � +# $ � �� � �� 5 �  + "� �  � 	 
 !! ��� �	� � � � � � � 
 �� � 
 �� �� �	� � � � �� � 


K1
b a

K2
a b

T1 T2

� � + 1� �� � � 0 �  $ �# �� �� � �  � � � � # �$ $

�# �� � 2 �� � +# $ � ��� � � 5 �  + "� �  � �� � 2 " � � ��

� � � �# '� "(� � 2 �� % ' � " �� ) 0 �  $ �# �� �� � � 2 �� "$ � 1 �$ �� * � �# � �

� 0 � �� �$ � �� +# $ � �� � �� 3 � �  � 2 �� � � � � 3 � � 4 �

� �� � �� � � � � � �� $ � �# " � � �� � �� � "(� � �� ��� � � 1 �� � � � � � � �# '� "(� �� �

� � � 2 �$ � 2 � � 3 � � 4 �



�� �� ��� �� 	
 �
� � � 	 � � 	 � ��� � �� �� � � �
� �� � � 	
 � � � �� � 
 � � 	
� 
� 
� � � � � � � �� � �� � 	� � � � �� � �� � �� � � � ! �

� � � 
 � � � �� 
 � � � � 	

��� ��� ��� �� � �� ��� ��� � �� � �  � �� � !� �  � " �� �� � !� � � �# �$ $ ��% ' � "(�� ) � �� % * �� + ) !� � � �# � $ $ �

�: " N � 6:  K ;> "$ � 1 �$ � * � �# � � �� / � �� �� # � � � �� �% $ �� + ) �� 0 �  $ �# �

� ; @ <7 G : K7 ?J  D> : @ 9 � �� � �$ � �� " � �� � � �$ $ �� �� � � �� � 03 4 � ��

� ? @ N D> : @ 9 # � �� � "$ � 1 �$ �� * � �# � � � � / � �� �� # � � � �� � 5 �  +.- � � � 2

� � �� � � �� �� � 2  �$ ��# � � � ��

� : 8G � � D ; � + 1� �� �� �� � ��� � � � �# '� "(� �% � � " �� ) �� � ��$ ��� �� � � 3% $ �� + )

� MG MJ A K  : M   7 89 K ;J �

� 2 � 1 �$ � 5 � 2  � � �� " � 4 �$ � � � � # �� " � � � � - / �� � � � � �� � �


